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In animal societies, conflict within groups can result in eviction, where individuals are often 16 
permanently expelled from their group. To understand the evolution of eviction and its role in the 17 
resolution of within-group conflict requires information on the demographic consequences of 18 
eviction for individuals and groups. However, such information is usually difficult to obtain because 19 
of the difficulty in tracking and monitoring individuals after they are evicted from their natal groups. 20 
Here we used a 15-year dataset on life history and demography to investigate the consequences of 21 
eviction in a tractable cooperatively breeding mammal, the banded mongoose, Mungos mungo. In 22 
this species, groups of individuals are periodically evicted en masse and eviction is a primary 23 
mechanism by which new groups form in the study population. Following eviction, we found sex 24 
differences in dispersal distance: some females established new groups on the study peninsula but 25 
males always dispersed away from the study peninsula. Evicted females suffered reduced 26 
reproductive success in the year after eviction. For the evicting group, eviction was associated with 27 
increased per capita reproductive success for females, suggesting that eviction is successful in 28 
reducing reproductive competition. However, eviction was also associated with increased intergroup 29 
conflict for the evicting group. Our results suggest that within-group conflict resolution strategies 30 
affect group productivity, group interactions, and the structure of the population, and hence have 31 
fitness impacts that reach beyond the individual evictors and evictees involved in eviction. 32 
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Conflict over resources and social status in social groups can be resolved by various means, a 35 
conspicuous form of which is eviction or forced expulsion. Eviction, although sometimes temporary, 36 
often results in the permanent exclusion of an individual, or multiple individuals, from their group 37 
(Balshine-Earn, Neat, Reid, & Taborsky, 1998; Buston, 2003; Clutton-Brock et al., 1998; Kappeler & 38 
Fichtel, 2012; Thompson et al., 2016). Eviction may be costly to evictors in the short term (Bell, 39 
Nichols, Gilchrist, Cant, & Hodge, 2012; Dubuc et al., 2017), but yield longer term direct fitness 40 
benefits by returning groups to optimum size and reducing competition (Stephens, Russell, Young, 41 
Sutherland, & Clutton-Brock, 2005; Thompson, Cant, et al., 2017; Young et al., 2006). The costs and 42 
benefits of eviction are expected to influence the frequency and pattern of eviction, and have been 43 
the focus of recent theoretical research on reproductive skew and cooperation (Buston, Reeve, Cant, 44 
Vehrencamp, & Emlen, 2007; Johnstone, 2000; Johnstone & Cant, 1999; Thompson, Cant, et al., 45 
2017). However, these simple models usually focus on two players, an evictor and an evictee, with a 46 
fixed fitness consequence to each of eviction and without consideration of potential fitness 47 
consequences to other group members or the rest of the population. As shown by recent structured 48 
population models, the demographic consequences of social acts are crucial in determining the 49 
direction of selection for helping and harming traits (Gardner & West, 2006; Johnstone & Cant, 2008; 50 
Lehmann & Rousset, 2010). Theoretical models of eviction would benefit from the addition of 51 
demographic information to fully incorporate the costs and benefits of eviction to evictors, evictees, 52 
other group members, and the wider population. For example, the benefits to evictors of evicting 53 
natal individuals depends on the degree to which this alleviates local competition, the success of 54 
evictees in forming or joining new groups, and their subsequent reproductive success. Empirical 55 
studies can provide much needed detail on these demographic consequences of eviction. 56 
 57 
Eviction is likely to inflict costs on permanently dispersing individuals who are faced with the 58 
challenge of living outside their natal group (Bowler & Benton, 2005; Clobert, Baguette, Benton, & 59 
Bullock, 2012; Dieckmann, O’Hara, & Weisser, 1999), particularly for social species in which eviction 60 
  
usually involves the expulsion of single individuals (Kappeler & Fichtel, 2012; Ridley, Raihani, & 61 
Nelson-Flower, 2008; Young et al., 2006). Evicting multiple individuals at once may improve 62 
individual survival or the chances of group formation, but these groups require territory and 63 
associated access to food resources in order to survive and reproduce. In a saturated population 64 
where groups form contiguous territories, dispersing evicted cohorts and newly formed groups 65 
moving through a mosaic of established groups are likely to trigger intergroup aggression in an 66 
attempt to acquire sufficient territory (Bonte et al., 2012; Mech, 1994; Mitani, Watts, & Amsler, 67 
2010; Wilson & Wrangham, 2003). The reproductive success of evicted individuals is dependent on 68 
overcoming these obstacles to establish a new group, but little is known about these consequences 69 
of eviction because tracking dispersing groups is logistically challenging and the long-term fate of 70 
evicted individuals is often unknown. 71 
 72 
Here we investigate the demographic consequences of eviction in banded mongooses, Mungos 73 
mungo, a highly cooperative species that exhibits conspicuous conflict over reproduction and group 74 
membership. Banded mongoose groups contain a cohort of older dominant females (median = 4) 75 
that monopolise reproduction and evict younger females (Cant, Nichols, Thompson, & Vitikainen, 76 
2016; Cant, Otali, & Mwanguhya, 2001; Nichols, Amos, Cant, Bell, & Hodge, 2010). Older males 77 
monopolize mating with oestrus females through mate guarding (Cant, 2000; Nichols et al., 2010). 78 
Evictions of groups of females, sometimes with males, are triggered by intense intrasexual 79 
reproductive competition (Cant, Hodge, Bell, Gilchrist, & Nichols, 2010; Gilchrist, 2006; Thompson et 80 
al., 2016). Previous research has shown that 53% of these mass eviction events are female-only 81 
evictions (median = 6 females evicted, range = 1-12); in the remaining 47% of evictions males are 82 
also evicted (median = 13 individuals, range = 6-26; Thompson et al., 2016). Evictions are almost 83 
always of groups of individuals (just three eviction events (6%) were of a single individual; Thompson 84 
et al., 2016). Eviction events are either temporary whereby all evictees are re-admitted to the group 85 
(47% of all evictions; median time to re-admittance=6 days, range=1-158 days), or permanent 86 
  
whereby some or all evictees permanently leave the group (53% of all evictions) (Thompson et al., 87 
2016). Eviction can therefore have important effects on group size and composition, particularly sex 88 
ratio. In banded mongooses, males contribute most to babysitting offspring at the den (Cant, 2003; 89 
Gilchrist & Russell, 2007; Hodge, 2007) and, during experimental simulated intergroup encounters, 90 
exhibit the most aggression towards intruders (Cant, Otali, & Mwanguhya, 2002). Changes in adult 91 
sex ratio following eviction could therefore affect the availability of helpers to care for young and 92 
defend the group. 93 
 94 
Among females, young individuals are more likely to be targeted for eviction than older individuals 95 
and there is evidence of negative kin discrimination among older females, with those more closely 96 
related to dominants in their group more likely to be evicted and to permanently disperse 97 
(Thompson, Cant, et al., 2017). Evicted pregnant females are more likely to regain entry to their 98 
group if they abort their litter (Cant et al., 2010; Gilchrist, 2006). Evicting other group members has 99 
substantial costs to dominant females: their pups are lighter and fewer survive to independence if 100 
dominant females are involved in an eviction (Bell et al., 2012). Voluntary dispersal is not observed 101 
in adult females, and is uncommon in males: 70% of individuals that reach 1 year old are born and 102 
die in their natal group (Cant et al., 2016; F. J. Thompson unpublished data). Consequently, mass 103 
eviction is a primary mechanism by which new groups form in the population (Cant et al., 2016). 104 
 105 
Eviction may also have impacts on intergroup relations, which in banded mongooses are particularly 106 
frequent and violent (Cant et al., 2002; Nichols, Cant, & Sanderson, 2015; Thompson, Marshall, 107 
Vitikainen, & Cant, 2017). Groups actively defend territories and regularly engage in ‘intergroup 108 
interactions’ with rivals over food, territory and mates (Thompson, Marshall, et al., 2017). Adult 109 
mortality increases in the 3-day period after being involved in an intergroup interaction, and litters 110 
are less likely to survive to emergence if their group is involved in an intergroup interaction during 111 
the babysitting period (Thompson, Marshall, et al., 2017). In our population, groups live at high 112 
  
density (Cant, Vitikainen, & Nichols, 2013). As such, eviction could have consequences for levels of 113 
conflict among established groups, and with evicted individuals attempting to gain territory and 114 
other resources, with potentially different costs for evictees. 115 
 116 
Below we use our long-term data to examine the predicted consequences of mass eviction for 117 
evictees, evictors, and the wider population in the banded mongoose system. We first examine the 118 
consequences of eviction for dispersal, specifically (i) whether eviction results in dispersal to form 119 
new groups in the population. We then consider (ii) the reproductive success of evicted females, 120 
predicting that permanently evicted females will have lower reproductive success than females that 121 
stay in their group (hence the reluctance of females to leave voluntarily). We examine (iii) the size, 122 
composition and litter survival of evicting groups, predicting that litter survival will increase 123 
following an eviction event, if eviction is an effective means of reducing reproductive competition. 124 
Finally we investigate (iv) patterns of conflict between groups in the study population, before and 125 
after an eviction event, predicting that the attempts by evicted cohorts to establish new groups in 126 
the population will lead to elevated levels of intergroup conflict following an eviction event. 127 
 128 
METHODS 129 
Study Population and Data Collection 130 
We studied a population of banded mongooses in 13 groups living on the Mweya Peninsula, Queen 131 
Elizabeth National Park, Uganda (0°12’S, 29°54’E), between September 1997 and December 2012.  132 
For further details of habitat and climate, see Cant et al. (2013). The Mweya Peninsula is a 4.95 km2 133 
heart shaped promontory that projects into Lake Edward and is connected to the mainland by a 134 
narrow strip of land, making dispersal routes off and away from the peninsula limited (Figure 1; Cant 135 
et al., 2016, 2013). In our study population, banded mongooses live in groups of approximately 20 136 
adults, plus offspring, and breed continuously throughout the year (Cant et al., 2016, 2013). Groups 137 
in which eviction was observed had a mean group size (individuals aged over 6 months) of 26.4 138 
  
individuals (range 11-43). Birth is highly synchronised within (but not between) groups (Hodge, Bell, 139 
& Cant, 2011) and the communal litter is cared for by parents and non-parents of both sexes (Cant, 140 
2003; Gilchrist & Russell, 2007). Groups were located using radio telemetry (Cant, 2000) and visited 141 
every one to three days to record group composition, life history and behavioural data, and daily to 142 
record the identity of evicted individuals and those that returned to their group (if any). All 143 
individuals were uniquely marked by either colour-coded plastic collars or, more recently, shave 144 
patterns on their back and were regularly trapped to maintain these markings (see Jordan, 145 
Mwanguhya, Kyabulima, Rüedi, & Cant (2010) for further details of the trapping procedure). 146 
Individuals were trained to step onto portable electronic scales to obtain weight measurements. 147 
Rainfall measurements were recorded by our own weather station. 148 
 149 
Evictions were highly conspicuous events because they involved high levels of aggression and 150 
violence directed towards evicted individuals (Thompson et al., 2016; Thompson, Cant, et al., 2017). 151 
We defined an eviction event to have occurred if one or more individuals left their group for at least 152 
one day following a period of intense aggression toward themselves or other group members (Cant 153 
et al., 2010; Gilchrist, 2006; Thompson et al., 2016; Thompson, Cant, et al., 2017). Rare instances 154 
where individuals left their group without any observed aggression towards any group member were 155 
defined as voluntary dispersal events and were not considered in our analyses (N = 37 adult 156 
individuals, all male). We observed the eviction of 431 individuals in 46 eviction events over the 157 
course of the study. For convenience we label evicted groups of individuals ‘evicted cohorts’ 158 
(although cohorts in our case are not necessarily composed of individuals of the same age). 159 
Following a mixed sex eviction (where both males and females were evicted), the permanently 160 
evicted group split into single-sex cohorts which dispersed separately, either remaining on the study 161 
peninsula or dispersing away from the peninsula. Further details on the dispersal fate of 162 
permanently evicted cohorts are given in the Results section. 163 
 164 
  
Statistical Analyses 165 
Statistical analyses were performed in R 3.3.0 (R Development Core Team, 2016) using generalised 166 
linear mixed effect models (GLMM) in the ‘lme4’ package (Bates, Mächler, Bolker, & Walker, 2015), 167 
using a binomial error structure and a logit link function, or a Poisson error structure and a log link 168 
function. Poisson models were checked for overdispersion of the response variable (Bolker et al., 169 
2008). In each analysis, the maximal model was fitted, including all fixed effect terms of interest and 170 
biologically relevant interactions. We assessed the significance of each fixed effect by comparing the 171 
likelihood ratio of the maximal model to that of the model without the fixed effect (Bates et al., 172 
2015). We present the parameter estimates and standard errors from the maximal models, due to 173 
problems associated with stepwise model reduction (Forstmeier & Schielzeth, 2011; Mundry & 174 
Nunn, 2009; Whittingham, Stephens, Bradbury, & Freckleton, 2006). We did, however, remove non-175 
significant interactions from our maximal model in order to test the significance of the main effects 176 
(Engqvist, 2005). To determine differences between the reproductive success of females, and of 177 
groups, following an eviction event we conducted a post hoc multiple comparison of means using 178 
the ‘glht’ function with Tukey's all-pairwise comparisons in the ‘multcomp’ package in R (Hothorn et 179 
al., 2016; Hothorn, Bretz, & Westfall, 2008). 180 
 181 
 Consequences of eviction for dispersing evictees 182 
To investigate the consequences of eviction for evicted cohorts, we compared the size and sex ratio 183 
(individuals aged over 6 months) of the newly formed group with that of the group from which they 184 
originated (N = 6 new groups formed from female cohorts evicted from 3 groups).  185 
 186 
Consequences of eviction for the reproductive success of evicted females 187 
To investigate if eviction affected evicted female reproductive success we compared the number of 188 
emergent pups (pups that survived at least 30 days after birth; Cant, 2003) born in the 12 months 189 
following an eviction event to non-evicted, temporarily evicted, and permanently evicted females. 190 
  
We determined maternity from parentage assignments (see Sanderson et al. (2015) for details). We 191 
excluded females that dispersed from the study peninsula, for whom we did not have post-eviction 192 
information on births and death. We restricted our analysis to females aged over 10 months (the age 193 
at first conception; Cant et al., 2010; Gilchrist, Otali, & Mwanguhya, 2004). To avoid potential 194 
compound effects of multiple eviction events, we excluded females that experienced another 195 
eviction event in their group in the subsequent 12 months. We fitted the number of emergent pups 196 
born to a female in the 12 months after an eviction event in a Poisson GLMM. Eviction category (not 197 
evicted, temporarily evicted or permanently evicted), female age (days), and their interaction were 198 
included as fixed effects to capture potential differences in the effect of eviction on older versus 199 
younger females. Weight (g) and mean monthly rainfall (mm) in the 12 months after the eviction 200 
event were fitted as additional fixed effects. To account for differences in females’ opportunity to 201 
reproduce, we included an offset term of the loge of the length of lifetime (days) following an 202 
eviction event (up to 12 months) as an additional fixed effect (Crawley, 2007). We accounted for 203 
repeated measures by including group, eviction, and female identity as random intercepts and fitted 204 
the model to data on 90 females (N = 53 not evicted, N = 23 temporarily evicted, and N = 14 205 
permanently evicted) in 15 eviction events in 5 groups. 206 
 207 
We also investigated if eviction affected a female’s reproductive success over her remaining lifetime 208 
following an eviction event. We fitted the number of emergent pups born to a female in her 209 
remaining lifetime following an eviction event as the response variable. We included female age 210 
(days) and weight (g) at the eviction event, and an offset term of the loge of the female’s lifetime 211 
(days) following the eviction event as additional fixed effects. We included group identity and 212 
eviction event as random intercepts, and an observation-level random effect to control for 213 
overdispersion of the response variable (Harrison, 2014). We fitted the model to data on 31 females 214 
(N = 9 not evicted, N = 15 temporarily evicted, and N = 7 permanently evicted) in 12 eviction events 215 
  
in 5 groups. Analysis of male reproductive success following an eviction event was not possible since 216 
no permanently evicted males remained on the study peninsula for longer than 10 months. 217 
 218 
Consequences of eviction for litter survival in evicting groups 219 
To examine if eviction events had an effect on litter survival in the evicting group we compared the 220 
number of pups that survived to emergence (per female that gave birth) in litters born following an 221 
eviction event to those not born following an eviction event. For litters born following an eviction 222 
event, we only considered litters born within 60 days of an eviction event (the approximate length of 223 
gestation; Cant, 2000), where there was no eviction event observed in the 60 days after birth to 224 
exclude potential effects of a recent eviction on litter survival (e.g. see Bell et al., 2012). For litters 225 
born in a period that did not follow an eviction event, we only considered litters where there was no 226 
observed eviction event in the 60 day period before, or the 60 days period after, the birth of the 227 
litter. We fitted the number of pups that survived to emergence as the response variable in a 228 
Poisson GLMM. We fitted whether the litter was born following a temporary eviction (where all 229 
evictees return to the evicting group), following a permanent eviction (where some or all evictees 230 
permanently leave the evicting group), or not following an eviction as the main term of interest, and 231 
included group size at the birth of the litter, and mean rainfall (mm) in the previous 30 days as fixed 232 
effects. Since the communal litter is born and kept in the den for the first 30 days after birth, we 233 
were unable to determine the number of pups born into the communal litter. We therefore included 234 
an offset term of the loge of the number of females that gave birth to the communal litter (since this 235 
is correlated with the number of pups born in the litter) as an additional fixed effect (Crawley, 2007). 236 
We accounted for repeated measures by including group and eviction identity as random intercepts 237 
and fitted the model to data on 48 litters (N = 16 born following a temporary eviction, N = 12 born 238 
following a permanent eviction, and N = 20 not born following an eviction) in 7 groups. 239 
  
  240 
Consequences of eviction for patterns of conflict between groups in the study population 241 
To investigate the perturbative effects of eviction on the wider population we examined the 242 
frequency of intergroup conflict between groups before and after an eviction event. Intergroup 243 
interactions are highly conspicuous events and were recorded ad libitum. Following Thompson, 244 
Marshall, et al. (2017) we defined an intergroup interaction as any occasion when two groups 245 
sighted each other and responded by screeching, chasing and/or fighting. We fitted the number of 246 
intergroup interactions involving the evicting group in a 30-day period as the response variable in a 247 
Poisson GLMM. Each 30-day period either came immediately before or immediately after an eviction 248 
from the evicting group. We chose a period of 30 days because, as only 55% of evicted individuals 249 
remain on the peninsula longer than 30 days after eviction, any effects of dispersing evicted cohorts 250 
on the frequency of intergroup conflict are likely to be detectable during this period. We included 251 
interactions with evicted cohorts in our analysis. We only used 30-day periods in which there was no 252 
other eviction event observed in the 30 days before or after the focal eviction event. We included 253 
whether the 30-day period was immediately before or after an eviction event, and the type of 254 
eviction event (permanent or temporary) as fixed effects. We included group and eviction identity as 255 
random intercepts and fitted the model to data on 78 30-day periods (N = 39 periods immediately 256 
before an eviction, and N = 39 periods immediately after an eviction) in 8 groups. To investigate the 257 
effect on intergroup conflict of the presence of the evicted cohort we repeated this analysis, but 258 
excluded any intergroup interactions that involved the evicted cohort. 259 
 260 
To investigate the effect of eviction on intergroup conflict in the wider population, we fitted the 261 
number of intergroup interactions involving groups other than the evicting group in a 30-day period 262 
as the response variable in a Poisson GLMM. We included the same fixed and random effects as 263 
those in the analysis of intergroup conflict involving the evicting group and fitted the model to data 264 
on 78 30-day periods (N = 39 periods immediately before an eviction, and N = 39 periods 265 
  
immediately after an eviction) in 8 groups. We then repeated this analysis, but excluded any 266 
intergroup interactions that involved the evicted cohort. 267 
 268 
Ethical Note 269 
All research procedures received prior approval from Uganda Wildlife Authority and Uganda 270 
National Council for Science and Technology, and adhered to the Guidelines for the Treatment of 271 
Animals in Behavioural Research and Teaching, published by the Association for the Study of Animal 272 
Behaviour. All research was approved by the Ethical Review Committee of the University of Exeter. 273 
 274 
RESULTS 275 
Consequences of Eviction for Dispersing Evictees 276 
Over the study period, 66 males were permanently evicted from their group. These males dispersed 277 
from the peninsula within 10 months (median time to dispersal from the peninsula = 22 days, range 278 
= 0 - 296 days) and were not successful in joining with a dispersing cohort of females to form a new 279 
group in the study peninsula (but may well have done so outside the study peninsula). By contrast, 280 
while the majority of permanently evicted females (68%; total number of permanently evicted 281 
females = 91) dispersed away from the peninsula in a similar pattern to males (median time to 282 
dispersal from the peninsula = 23 days, range = 0 - 217 days), 32% of permanently evicted females 283 
were successful in forming a new group on the peninsula. A total of 6 new groups were formed by 29 284 
permanently evicted females. They did this either by usurping all females from an established study 285 
group (N = 1), joining with unknown males (males that were immigrants in the population; N = 2), 286 
joining with voluntarily dispersing known males (N = 1), or joining with both voluntarily dispersing 287 
known males and unknown immigrant males (N = 1). One cohort of 7 females remained on the 288 
peninsula for over 2 years without ever permanently joining with males. Despite this, all females in 289 
this cohort were reproductively successful, mating with males from established groups and giving 290 
birth to 7 communal litters over the course of their combined lifetime. New groups that were 291 
  
formed on the study peninsula were significantly smaller than the group from which they originated 292 
(paired Wilcoxon signed rank test, V = 21, N = 6, P = 0.031). However, the sex ratio of these newly 293 
formed groups was not significantly different to that of the original group (paired Wilcoxon signed 294 
rank test, V = 11, N = 6, P = 0.42). 295 
 296 
Consequences of Eviction for the Reproductive Success of Evicted Females 297 
Reproductive success over the 12 months following an eviction event was significantly lower for 298 
permanently and temporarily evicted females than for non-evicted females (Figure 2; Table A1; 299 
Table A2). However, there was no significant difference in the number of emergent pups that non-300 
evicted, temporarily evicted, or permanently evicted females had during their remaining lifetime 301 
following an eviction event (Table A1). 302 
 303 
Consequences of Eviction for Litter Survival in Evicting Groups 304 
Following an eviction event that resulted in the permanent dispersal of some, or all, of the evicted 305 
cohort, there was a significant reduction in the size of the evicting group (paired t-test, t22 = 6.68, P < 306 
0.0001), and a significant increase in the sex ratio of males to females (paired Wilcoxon signed rank 307 
test, V = 67, N = 23, P = 0.030). Litter survival in the evicting group was significantly longer following 308 
a permanent eviction than a temporary eviction, or no eviction (Figure 3; Table A3; Table A4). 309 
 310 
Consequences of Eviction for Patterns of Conflict between Groups in the Study Population 311 
There were significantly more intergroup interactions involving the evicting group in the 30 days 312 
following an eviction event than in the 30 days before an eviction event (Figure 4a; Table A5). 313 
However, once the intergroup interactions involving the evicted cohort were removed from the 314 
analysis, there was no difference in the frequency of intergroup conflict in which the evicting group 315 
was involved before and after an eviction event (Figure 4b; Table A5). To rule out the possibility that 316 
observed increases in intergroup interactions involving the evicting group were attributable to 317 
  
increases in observation effort we compared the number of visits to the evicting group before and 318 
after an eviction event. We found no significant difference in the number of visits to the evicting 319 
group in the 30-day period before and after an eviction event (paired Wilcoxon signed rank test, V = 320 
46.5, N = 19, P = 0.09). We found no difference in the number of intergroup interactions involving 321 
groups in the population other than the evicting group before and after an eviction event, both 322 
when including and excluding intergroup interactions involving the evicted cohort (Table A5). 323 
Therefore, eviction events were associated with intergroup conflict involving the evicting group and 324 
the evicted cohort. 325 
 326 
DISCUSSION 327 
Eviction in banded mongooses promoted dispersal and the formation of new groups, and affected 328 
the reproductive success of both evictees and members of the evicting group. When eviction 329 
resulted in permanent dispersal, cohorts of evicted females occasionally formed new groups in the 330 
study peninsula, whereas evicted cohorts of males did not. Eviction was associated with 331 
reproductive costs for evicted females through decreased short-term reproductive success. For 332 
evicting groups, litter survival improved following a permanent eviction, suggesting that mass 333 
eviction is an effective method of reducing reproductive competition. Eviction was also associated 334 
with an increase in intergroup interactions as a result of conflict between the evicting group and the 335 
evicted cohort. These results suggest that eviction can have significant consequences for the 336 
demography of cooperative species and that these effects can occur at an individual level (through 337 
effects on individual reproductive success), group level (through changes in group size and 338 
composition, and intergroup conflict), and population level (through dispersal and new group 339 
formation). 340 
 341 
In our population, mass eviction is the main mechanism by which individuals leave their natal group 342 
and is, therefore, a primary route to the formation of new groups (Cant et al., 2016). Seven evicted 343 
  
female cohorts, but no evicted male cohorts, were successful in forming a new group on the study 344 
peninsula. Whether this means that females are more successful dispersers overall, or that males 345 
simply travel longer distances before forming groups, requires further study. Sex differences in the 346 
direct costs and benefits of helping can arise from sex differences in dispersal (Clutton-Brock et al., 347 
2002; Cockburn, 1998; Young, Carlson, & Clutton-Brock, 2005), and theory suggests that sex 348 
differences in dispersal can affect selection for helping and harming behaviours in structured 349 
populations (Johnstone & Cant, 2008), due to effects on local competition and the genetic structure 350 
of the population (Gardner, 2010). In general, these models predict that selection will favour helping 351 
among members of the more philopatric sex, and harming among members of the dispersing sex 352 
(Johnstone & Cant, 2008). However, these models assume individuals disperse independently, and 353 
define sex-differences in philopatry in terms of the probability of dispersal (to a far-distant patch), 354 
not the distance that dispersers move from their natal patch. Eviction of groups of same-sex 355 
individuals, as occurs in banded mongooses and other cooperative vertebrates (Koenig & Dickinson, 356 
2016), may influence selection for helping and harming in ways that have yet to be explored 357 
theoretically. For example, simple haploid, asexual models suggest that dispersal of groups of 358 
relatives (budding dispersal; Gardner & West, 2006) may promote altruism within groups (Gardner & 359 
West, 2006), but these effects have not been investigated in sexual systems. 360 
 361 
Eviction resulted in significant changes in the size and composition of groups to which individuals 362 
belonged. Permanently evicted females formed smaller groups following dispersal than the group 363 
from which they originated, although with a similar sex ratio. These group size changes have major 364 
ramifications for reproductive success because, as in other cooperative breeders (Courchamp, 1999; 365 
Courchamp, Clutton-Brock, & Grenfell, 1999; Kokko, Johnstone, & Clutton-Brock, 2001), banded 366 
mongooses are subject to strong Allee effects since larger groups can leave more babysitters to 367 
guard pups at the den (Cant, 2003; Marshall et al., 2016), This may, in part, explain why permanently 368 
evicted females suffered lower reproductive success in the 12 months after eviction. In addition,  369 
  
eviction in this species, and in meerkats (Suricata suricatta), has been shown to reduce the 370 
reproductive success of temporary evictees through spontaneous abortion (Cant et al., 2010; 371 
Gilchrist, 2006; Young et al., 2006). When considering lifetime reproductive success, permanently 372 
evicted females did no worse than females that remained behind in their natal group. This result 373 
raises the intriguing possibility that the short-term costs of being evicted are compensated by 374 
improved success later in life, for example, via an escape from local competition. However, we were 375 
only able to monitor the reproductive success of a small subset of permanently evicted females that 376 
remained on the study peninsula and, as such, there is potential for bias in our results. Individuals in 377 
our population live at much higher density than in other areas (Cant et al., 2013), and so dispersing 378 
away from the study peninsula could provide evicted individuals with more available territory and 379 
lower competition for food resources. The development of GPS technology deployed on evicted 380 
individuals that allows dispersers to be tracked over longer distances will be integral in determining 381 
the success of local versus distant dispersers. 382 
 383 
Previous work in this species, and other cooperatively breeding mammals, has shown that eviction is 384 
a strategy employed to reduce levels of intrasexual reproductive competition (Cant et al., 2010; 385 
Clutton-Brock et al., 1998; Kappeler & Fichtel, 2012; Thompson et al., 2016). Our result that litter 386 
survival improved following a permanent eviction provides evidence that permanent mass eviction is 387 
successful in alleviating the level of competition among pups, and that benefits to evictors (and their 388 
close kin) could be high enough to offset the immediate costs of the eviction process (Bell et al., 389 
2012). The benefits of permanent eviction are not completely attributable to the reduction in 390 
reproductive competition via a reduction in group size, or in the number of breeding females (since 391 
both of these variables were controlled for in our analysis). Instead, eviction was associated with 392 
increased pup survival over and above these effects, perhaps because of changes in group 393 
composition. For example, eviction may result in smaller groups of more compatible or less 394 
conflictual individuals. Permanent eviction also resulted in a higher ratio of males to females in the 395 
  
group. Consequently, since males contribute more than females to offspring care and territory 396 
defense, we might expect the presence of relatively more males, per female, in the group to result in 397 
greater litter survival during the vulnerable den period. 398 
 399 
Finally, we found that eviction was associated with increased levels of intergroup conflict, 400 
manifested as an increase in the number of aggressive intergroup interactions involving the evicting 401 
group and the evicted cohort. For banded mongooses, and other social species, the fitness costs of 402 
engaging in intergroup interactions can be considerable (Aureli, Schaffner, Verpooten, Slater, & 403 
Ramos-Fernandez, 2006; Cassidy, MacNulty, Stahler, Smith, & Mech, 2015; Mosser & Packer, 2009; 404 
Nichols et al., 2015; Thompson, Marshall, et al., 2017; Wrangham, Wilson, & Muller, 2006). There 405 
are likely to be significant additional costs of eviction suffered by the evicting group through 406 
repeated interactions with their own evicted cohort. Quantifying these costs, for example territory 407 
loss or increased energetic expenditure through recurrent intergroup fighting, is an avenue for 408 
future research. Eviction could, therefore, have important knock-on fitness consequences beyond 409 
the eviction process itself. 410 
 411 
CONCLUSIONS 412 
The evolution of eviction in structured populations will depend on the full suite of fitness impacts for 413 
the initiators of aggressive eviction, the evictees, and the other population members that are 414 
affected by large scale changes in group composition or the presence of new groups in the 415 
population. Understanding these fitness impacts is challenging because, as in our case, information 416 
on the fate of evictees or the impacts on other groups is available only for those individuals that 417 
remain within the bounds of a core study area, which represent a biased sample. A goal for future 418 
work will be to add information on individuals that are less successful, or travel further from their 419 
natal group after eviction. Despite these challenges, long-term individual based studies of 420 
cooperative breeders offer the best opportunity to assess the usefulness of theoretical models of 421 
  
eviction and improve conceptual understanding of the evolution of eviction and its role in social 422 
evolution in structured populations. 423 
 424 
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Appendix tables 613 
Table A1. The effect of eviction on female reproductive success. Models predicting the number of 614 
emergent pups born in the 12 months following eviction, and over the remaining lifetime. 615 
Response Fixed effect β SE χ2 P 
Number of emergent pups 
born in the 12 months 
following eviction to which a 
female was assigned 
maternity 
Intercept -7.91 1.43   
Eviction category   14.46 <0.0001 
Not evicted 0.00 0.00   
Temporarily evicted -0.85 0.36   
Permanently evicted -1.69 0.52   
Age (days) 0.00002 0.0002 0.02 0.88 
Weight (g) 0.003 0.0007 18.86 <0.0001 
Rainfall (mm) -0.02 0.01 1.63 0.20 
Eviction category x age   0.54 0.77 
Not evicted 0.00 0.00   
Temporarily evicted 0.0005 0.0007   
Permanently evicted 0.0008 0.002   
      
Number of emergent pups 
born over the remaining 
lifetime following eviction to 
which a female was assigned 
maternity 
Intercept -1.08 1.53   
Eviction category   1.84 0.40 
Not evicted 0.00 0.00   
Temporarily evicted -0.23 0.57   
Permanently evicted -0.71 0.53   
Age (days) 0.0003 0.0006 0.23 0.63 
Weight (g) 0.004 0.001 9.33 0.002 
Models fitted using a Poisson error structure with the loge of lifetime (days) following eviction (up to 616 
12 months in the model of reproductive success in the 12 months following eviction) as an offset 617 
term. In the model of reproductive success in the 12 months following eviction group identity, 618 
eviction event and female identity were included as random intercepts  (N = 90 females (N = 53 not 619 
evicted, N = 23 temporarily evicted, and N = 14 permanently evicted) in 15 eviction events in 5 620 
groups). In the model of reproductive success in the remaining lifetime following eviction group 621 
identity, eviction event and an observation-level random effect were included as random intercepts 622 
(N = 31 females (N = 9 not evicted, N = 15 temporarily evicted, and N = 7 permanently evicted) in 12 623 
eviction events in 5 groups). Significant terms are given in bold. 624 
  625 
  
Table A2. Post hoc test of the effect of eviction on female reproductive success in the 12 months 626 
following an eviction. 627 
Response Eviction category β SE z P 
Number of emergent pups 
born in the 12 months 
following eviction to which 
a female was assigned 
maternity 
Permanently evicted versus -1.69 0.52 -3.25 0.003 
not evicted     
Permanently evicted versus 0.84 0.58 1.46 0.30 
temporarily evicted     
Temporarily versus -0.85 0.36 -2.37 0.045 
not evicted     
Post hoc multiple comparison of means with Tukey’s all-pairwise comparisons to determine 628 
differences in the number of emergent pups to which a female was assigned maternity in the 12 629 
months following eviction. Original model fitted using a Poisson error structure with the loge of 630 
lifetime (days) following eviction (up to 12 months) as an offset term, and with group identity, 631 
eviction event and female identity as random intercepts (GLMM, N = 90 females (N = 53 not evicted, 632 
N = 23 temporarily evicted, and N = 14 permanently evicted) in 15 eviction events in 5 groups). 633 
Significant post hoc comparisons are given in bold. 634 
 635 
Table A3. The effect of eviction on litter survival in the evicting group. Model predicting the number 636 
of pups that survived to emergence from litters born following a temporary eviction, a permanent 637 
eviction, or not born following an eviction.  638 
Response Fixed effect β SE χ2 P 
Number of pups that 
survived to emergence 
Intercept -1.65 0.64   
Timing of birth of litter   19.50 <0.001 
Not following eviction 0.00 0.00   
Following temporary eviction 0.08 0.20   
Following permanent eviction 1.11 0.26   
Group size 0.05 0.02 5.98 0.015 
 Rainfall (mm) 0.04 0.06 0.48 0.49 
Model fitted using a Poisson error structure with the loge of the number of females that gave birth to 639 
the communal litter as an offset term, and with group identity and eviction event as random 640 
intercepts (N = 48 litters (N = 16 born following a temporary eviction, N = 12 born following a 641 
permanent eviction, and N = 20 not born following an eviction) in 7 groups). Significant terms are 642 
given in bold. 643 
  
Table A4. Post hoc test of the effect of eviction on litter survival in the evicting group. 644 
Response Timing of birth of litter β SE z P 
Number of pups that 
survived to emergence 
Not following eviction versus 0.08 0.20 0.38 0.92 
following temporary eviction     
Not following eviction versus 1.11 0.26 4.32 <0.001 
following permanent eviction     
Following temporary eviction versus 1.03 0.31 3.31 <0.01 
following permanent eviction     
Post hoc multiple comparison of means with Tukey’s all-pairwise comparisons to determine 645 
differences in the number of pups that survived to emergence in litters born following a temporary 646 
eviction, a permanent eviction, or not born following an eviction. Original model fitted using a 647 
Poisson error structure with the loge of the number of females that gave birth to the communal litter 648 
as an offset term, and with group identity and eviction event as random intercepts (N = 48 litters (N 649 
= 16 born following a temporary eviction, N = 12 born following a permanent eviction, and N = 20 650 
not born following an eviction) in 7 groups). Significant post hoc comparisons are given in bold.  651 
  
Table A5. The effect of eviction on intergroup conflict. Models predicting the number of intergroup 652 
interactions involving the evicting group, and involving groups in the population other than the 653 
evicting group, in the 30 days before and after and eviction event. 654 
Response Fixed effect β SE χ2 P 
Number of intergroup 
interactions involving the 
evicting group and including 
interactions involving the 
evicted cohort 
Intercept -0.97 0.45   
Period   5.91 0.015 
Before eviction 0.00 0.00   
After eviction 0.60 0.25   
Eviction type   0.81 0.37 
Permanent eviction 0.00 0.00   
Temporary eviction 0.35 0.39   
     
Number of intergroup 
interactions involving the 
evicting group but excluding 
interactions involving the 
evicted cohort 
Intercept -1.04 0.41   
Period   2.37 0.12 
Before eviction 0.00 0.00   
After eviction 0.39 0.25   
Eviction type   1.60 0.21 
Permanent eviction 0.00 0.00   
Temporary eviction 0.49 0.38   
      
Number of intergroup 
interactions involving groups 
in the population other than 
the evicting group and 
including interactions 
involving the evicted cohort 
Intercept 0.22 0.30   
Period   2.27 0.13 
Before eviction 0.00 0.00   
After eviction 0.23 0.15   
Eviction type   2.13 0.14 
Permanent eviction 0.00 0.00   
Temporary eviction 0.48 0.33   
      
Number of intergroup 
interactions involving groups 
in the population other than 
the evicting group but 
excluding interactions 
involving the evicted cohort 
Intercept 0.12 0.32   
Period   0.98 0.32 
Before eviction 0.00 0.00   
After eviction 0.16 0.15   
Eviction type   4.18 0.041 
Permanent eviction 0.00 0.00   
Temporary eviction 0.70 0.34   
Models fitted using a Poisson error structure with group identity and eviction event as random 655 
intercepts (N = 78 30-day periods in 8 groups; N = 39 periods immediately before an eviction, and N 656 
= 39 periods immediately after an eviction). Significant terms are given in bold.  657 
  
Figure Legends 658 
 659 
Figure 1. The study peninsula and population. (a) An aerial photograph of the Mweya Peninsula. The 660 
peninsula is surrounded by the waters of Lake Edward and the Kasinga Channel. It is connected to 661 
the mainland by a narrow strip of land. For scale, the light green airstrip that runs diagonally across 662 
the peninsula is approximately 2 km long. Image courtesy of Feargus Cooney. (b) A satellite image of 663 
the Mweya Peninsula with the approximate territories of ten social groups (as of November 2012). 664 
Groups form contiguous territories with extensive areas of overlap meaning there is little vacant 665 
area on which evicted cohorts can establish a territory. Reproduced with permission from (Cant et 666 
al., 2013). 667 
 668 
  
 669 
Figure 2. The effect of eviction on the reproductive success of evicted females. The number of 670 
emergent pups born in the 12 months following eviction to females that were not evicted, 671 
temporarily evicted and permanently evicted (N = 90 females (N = 53 not evicted, N = 23 temporarily 672 
evicted, and N = 14 permanently evicted) in 15 eviction events in 5 groups). The bars show means 673 
from the GLMM ± SE. Asterisk refers to post hoc Tukey’s all-pairwise comparison of means across 674 
the three categories, * P < 0.05; ** P < 0.01. 675 
 676 
  
 677 
Figure 3. The effect of eviction on litter survival in the evicting group. The number of pups that 678 
survived to emergence from litters born following a temporary eviction, a permanent eviction, or 679 
not born following an eviction event (GLMM, N = 48 litters (N = 16 born following a temporary 680 
eviction, N = 12 born following a permanent eviction, and N = 20 not born following an eviction) in 7 681 
groups). The model controlled for the number of females that gave birth to the litter. The bars show 682 
means from the GLMM ± SE. Asterisks refer to post hoc Tukey’s all-pairwise comparison of means 683 
across the three categories, ** P < 0.01; *** P < 0.001. 684 
 685 
  
 686 
Figure 4. The effect of eviction on intergroup conflict involving the evicting group. (a) The number of 687 
intergroup interactions involving the evicting group and including interactions involving the evicted 688 
cohort in the 30-day period before and after an eviction event (N = 78 periods in 8 groups). The bars 689 
show means from the GLMM ± SE. (b) The number of intergroup interactions involving the evicting 690 
group but excluding interactions involving the evicted cohort in the 30-day period before and after 691 
an eviction event (N = 78 periods in 8 groups). The bars show means from the GLMM ± SE. Symbols: 692 
* P < 0.05; NS: P > 0.05. 693 
